INTRODUCTION
============

The relationship between Temporomandibular Disorders (TMD) and malocclusion is an extremely critical issue in dentistry. In the 1980s, a lawsuit declared that orthodontic treatment was the main cause of TMD^[@B23]^. Since then, a significant number of studies have been conducted to investigate this association.

In the past, studies have suggested that malocclusion and occlusal interferences were main factors in TMD development, thus, validating irreversible occlusal therapies as the definitive treatment of the disorder^[@B9],[@B25]^. Based on that, occlusal adjustments, full mouth rehabilitation and orthodontic treatment became very popular as the treatment of choice for TMD.

However, most recent studies have shown no difference in relation to signs and symptoms of TMD among subjects with malocclusion and those with normal occlusion^[@B3],[@B20]^ as well as between orthodontically treated and non-treated individuals^[@B3],[@B13]^.

In earlier 1990s, well conducted studies have demonstrated that some occlusal/skeletal factors, such as anterior open bite, unilateral posterior crossbite, overjet greater than 6-7 mm, absence of five or more posterior teeth, and centric relation (CR) to maximum intercuspation (MI) discrepancy greater than 2 mm could be considered occlusal risk factors for TMD^[@B14],[@B16],[@B24]^. However, most of the people presenting these alterations have never experience any TMD symptoms. An appropriate adaptation capacity is probably able to compensate possible small alterations in function, created by the presence of the malocclusion^[@B18]^.

Most of these findings come from cross-sectional studies and would reflect a possible association between these variables, which, although valid, do not allow a temporal characterization of the variables. In other words, it cannot be established which variable (occlusal changes and TMD) developed first. To establish a cause-effect relationship, prospective longitudinal studies with large and representative samples are needed, but are not yet available.

Thus, contrary to the old concept that malocclusion causes TMD, it may be that, due to the obvious connection between these structures and the dental occlusion, occlusal changes, especially those suddenly observed, may be secondary and reflect joint (Temporomandibular Joint - TMJ) or muscle disorders^[@B15]^.

An acute malocclusion refers to any sudden change in the occlusal relationship that has been developed by a disorder^[@B24]^. This may be a momentary or prolonged condition^[@B29]^.

Some of the most commonly TMJ conditions associated with occlusal changes are joint effusion due to inflammation^[@B15]^ and condylar degeneration processes associated or not with systemic problems^[@B2]^.

The aim of this article is to present some conditions of occlusal changes, secondary to temporomandibular joint conditions, introducing the dental professional to the great importance of their recognition and of the evaluation of signs and symptoms of TMD prior to treatment planning.

OCCLUSAL CHANGES SECONDARY TO TEMPOROMANDIBULAR DISORDERS
=========================================================

The development of a malocclusion, associated with signs and symptoms of TMD, is an unusual complaint in an orthodontic clinical practice^[@B18]^. When an occlusal alteration is caused by TMD, the resulting mandibular position and occlusal relationship depends on the TMJ structures and/or muscles involved^[@B24]^. Patients can demonstrate any of a number of clinical conditions that interfere with their comfort and ability to function^[@B5]^.

It is, therefore, essential in this scenario that clinicians are qualified to recognize these conditions before beginning any treatment planning, in such a way that patients are not submitted to irreversible treatment (orthodontic treatment, occlusal adjustment, prosthetic rehabilitation, orthognathic surgery), based on an unstable occlusal relationship, produced by articular and/or muscular disturbances. The implementation of immediate treatment would not only bring no benefit to the patient's symptoms improvement, but it could also aggravate TMD severity.

The clinical presentation of most commonly occlusal changes secondary to signs and symptoms of TMD is further discussed.

Anterior open bite (AOB)
------------------------

An anterior open bite is a very common finding in patients with TMJ degenerative diseases.

Temporomandibular Joint osteoarthritis associated with functional overloading can lead to joint tissues collapse. If the joint collapse occurs in both TMJs, condylar resorption causes morphologic breakdown of the TMJs and a subsequent decrease in ramus height, which results in progressive mandibular retrusion with anterior open bite. This malocclusion is called "acquired open bite associated with TMJ osteoarthritis"^[@B26]^.

Temporomandibular Joint degenerative diseases may be consequent to systemic conditions. It has been demonstrated that rheumatoid arthritis, among other reumathological conditions, can affect the TMJ^[@B7],[@B21]^. Individuals with these conditions have less occlusal support, more occlusal interferences, greater discrepancy between Centric Relation and Maximum Intercuspation, and decreased vertical overbite. Anterior open bite is, perhaps, the most common clinical finding in this situation, correlated to reduced maximum mouth opening capacity^[@B26]^.

In patients with such conditions, anterior teeth show wear facets and the absence of mamelons on the incisal edges, indicating that non-contacting teeth of these patients used to be in contact before^[@B2]^.

Patients with TMJ osteoarthritis generally reports TMJ and muscle pain, aggravated by jaw movement, and joint crepitation^[@B12],[@B18]^, confirmed by clinical palpation and inspection.

The diagnosis is usually confirmed by appropriate TMJ images and blood tests (rheumatoid factor, erythrocyte sedimentation, antinuclear antibodies), especially when systemic conditions are present. Whenever condylar resorption is detected, it is essential to define the stage of resorption to investigate whether the destructive process is active or already came to a "burn out" phase. Tests, such as computed tomography (CT), magnetic resonance image (MRI) and bone scintigraphy are useful tools for that purpose. Cone-beam CT is an excellent option because of its capacity to adequately detect bone changes, a usual finding in this scenario. The MRI, on the other hand, allows visualization of the disc position and articular cartilage alterations^[@B19]^.

The frequent radiographic findings comprise erosion and flattening of the articular surface of the condyle and articular eminence, osteophytes, articular cysts, and loss of the joint space^[@B18]^.

While the TMJ osteoarthritis can produce relatively minor open bite changes fairly slowly, the "idiopathic condylar resorption", a condition that preferentially affects women, and is influenced by hormonal changes and external triggers, such as orthognathic surgery or other traumas^[@B7]^, is, in comparison, much more aggressive and can lead to severe open bite in a relatively short time^[@B21]^.

In [Figure 1](#f01){ref-type="fig"}, despite all the well-known limitations of the panoramic radiograph technique to analyze condyle's shape, it is possible to note the development of condylar resorption in a 16-year-old female patient, with past medical history of rheumatoid arthritis, presented to the dental office with a chief complaint of TMJ pain, associated with a severe occlusal relationship change (anterior open bite).

Figure 1Anterior open bite secondary to rheumatoid arthritis radiographic and clinical images

The computed tomography ([Figure 1](#f01){ref-type="fig"}) clearly shows the advanced degree of condylar resorption, associated with the presence of osteophytes and condylar erosions.

Severe anterior open bite, with teeth contact only in the posterior region ([Figure 1](#f01){ref-type="fig"}), is present, resulting in functional problems such as chewing and speaking difficulties as well as intense esthetic deficit.

Although not a common complaint^[@B30]^, progressive anterior open bite, as presented here, should always be considered as part of the TMJ degenerative disease process.

Unilateral posterior open bite
------------------------------

### Associated with unilateral condylar resorption

When condylar resorption occurs unilaterally, an intrusion of the condyle, associated with mandibular shift to the affected side is a common finding. The result is an anterior open bite associated with a posterior open bite on the contralateral side, with occlusal contact occurring only on the posterior region of the affected side^[@B28]^.

In [Figure 2](#f02){ref-type="fig"}, based on the MRI, it is possible to note the integrity of condyle cortical on the right side and a high degree of condylar resorption on the left side in a 39-year-old patient, previously submitted to orthognathic surgery. Left TMJ pain and sudden posterior open bite on the right side were initial complaints ([Figure 3](#f03){ref-type="fig"}).

Figure 2Magnetic resonance image evidencing integrity of condyle cortical on the right side (A) and a high degree of condylar resorption on the left side (B) of a patient presenting posterior open bite on the unaffected side

Figure 3Posterior open bite on the right side secondary to resorption of the opposite side condyle

### Associated with unilateral joint effusion

Certain intracapsular inflammatory disorders can also lead to occlusal alterations. TMJ retrodiscal tissues are highly vascularized and innervated, and therefore susceptible to the installation of inflammatory processes (retrodiscitis)^[@B24]^, which can lead to joint effusion. The joint effusion results from accumulation of inflammatory liquid that prevents a perfect fitting of the TMJ condyle into the mandibular fossa. The outcome of this condition is a sudden development of ipsilateral posterior open bite, and a strong contact on the canine region on the opposite side^[@B24]^. This mandible shift is accompanied by a lower midline deviation ([Figures 4](#f04){ref-type="fig"} and [5](#f05){ref-type="fig"}).

Figure 4Joint effusion on the left temporomandibular joint resulting in a posterior open bite on the affected side

Figure 5Mandible shift accompanied by a lower midline deviation to the right side secondary to joint effusion on the opposite temporomandibular joint

Patients present ipsilateral pain in the preauricular region. It is also important to be aware of more severe disorders that can cause similar symptoms and develop malocclusions such as TMJ tumors or ear infections^[@B29]^.

Additionally, longitudinal studies and regression analysis of data would be useful for establishing which occlusal changes are due to TMD, which to our knowledge are still not available in the literature.

Initial consultation and the presence of TMD signs and symptoms
===============================================================

Occlusal relationship is frequently disturbed by TMD manifestations, as previously mentioned, and the dental professionals must always be aware of the presence of such signs and symptoms prior to any irreversible procedure.

There are different protocols for the assessment of signs and symptoms of TMD well established in the literature, such as the Research Diagnostic Criteria (RDC/TMD)^[@B6]^ or the Helkimo indices^[@B8]^. Although these protocols involve parameters that are very important for the diagnostic and qualification of the disorders by specialists in TMD and researches, the assessment of possible signs and symptoms of TMD can be performed in a relatively short time, with no significant increase in the time taken to complete the initial examination. Suggestions for these procedures are shown in [Figure 6](#f06){ref-type="fig"}. These procedures allow the clinician to identify the presence of the disorder and refer the patient to a TMD specialist before starting any irreversible treatment. Before treatment, patients should always be asked about history of symptoms of TMD such as TMJ noises, jaw locking, and pain in the region of facial muscles, joints or temple area. Clinically, it is suggested to inspect for tenderness to palpation on the region of the masseter, anterior temporalis muscles, and in TMJ region. Assessment of mandibular active range of motion (AROM), as well as inspection of joint noises, should also be performed.

Figure 6Assessment of signs and symptoms of TMD

An algorithm is suggested ([Figure 7](#f07){ref-type="fig"}) to assist clinicians on how to proceed when dealing with these situations. This algorithm is based on the main reason why patients come to the dental office: for orthodontic treatment (functional/esthetic complaints) or for TMJ/masticatory muscles pain and dysfunction.

Figure 7Protocol of management of patients presenting signs and symptoms of temporomandibular disorder before orthodontic treatment

According to the suggested protocol, when patients come for orthodontic treatment and signs of TMD (not painful symptoms) are detected at baseline, it is essential that the patient is informed prior to the beginning of treatment. This is important because, in case of progress of signs to symptoms during the course of treatment, patients could consider that the treatment was the cause of the disorder. It is important at this time that the practitioner is able to detect any contributing factor such as sleep or daytime bruxism/clenching, nail biting, chewing gum, deleterious sleep position, among others. A complete counseling and behavioral modification strategy should be adopted to avoid the progression of signs as suggested by the protocol of the American Academy of Orofacial Pain (AAOP)^[@B4]^. A few basic orientations that can be given to patients with TMD signs are shown in [Figure 8](#f08){ref-type="fig"}.

Figure 8Counseling and home self-care guidelines for the TMD patient

Asymptomatic joint clicking, one the most common signs of TMD^[@B11],[@B22]^, is one example of this situation. It is a condition that usually do not require treatment^[@B27]^, but can progress to symptoms^[@B1]^ if the patient has uncontrolled and persistent deleterious parafunctional habits.

In these cases, orthodontic treatment can be initiated. The patient should be frequently reassessed regarding the detected signs and repeatedly have general orientation on how to avoid the progression of the disorder. Additionally, patients may not report pain on initial stages of degenerative joint diseases. When facing an occlusal change, as stated before, dentists should consider conducting further investigations on TMJ (including images).

On the other hand, if a patient is looking for orthodontic treatment, but also has TMD and this is the chief complaint, it is very important that orthodontic treatment is not initiated. When present, symptoms must be properly managed before the initiation of orthodontic therapy. This is because, as previously stated, many TMD manifestations can result in an unstable occlusal relationship, interfering with a correct treatment planning.

When any signs or symptoms of TMD are observed, the patient should be referred to a TMD specialist (or a dentist with specific training on TMD) for further evaluation, diagnostic, and management. These professionals are prepared to conduct a differential diagnostic and to follow the patient during the orthodontic treatment or any occlusal therapy.

Therapy usually follows a conservative treatment protocol^[@B17]^, including pharmacotherapy, behavioral counseling ([Figure 8](#f08){ref-type="fig"}), home exercises, physical therapy, and/or intraoral appliances^[@B18]^. To date, evidence based dentistry (EBD) does not support therapies that promote complex and irreversible occlusal changes such as occlusal adjustment, orthodontic treatment, functional orthopedics, orthognathic surgery or prosthetic oral rehabilitation for the treatment of TMD^[@B10]^. This discussion, however, is not within the scope of this article.

Once the pain has been resolved and the condition is stable over a reasonable amount of time, initiation of orthodontic therapy may be considered^[@B18]^. Treatment plan must consider possible vulnerabilities of the TMD patient such as asymptomatic anteriorly disc displacement or remaining parafunctional habits.

Developing signs and symptoms of TMD during Orthodontic treatment
=================================================================

TMD signs and symptoms are particularly fluctuating, and can appear during the course of orthodontic treatment. Regular orthodontic treatment is done on adolescents, a stage when there is a natural increase of many contributing factors for TMD such as trauma, habits, emotional stressors, etc. Hence, it is not uncommon that, regardless of the orthodontic modalities, individuals develop transient signs/symptoms at that life stage. It is important that the orthodontist notify the patient that these problems are highly prevalent in the general population and that the etiology is multifactorial. Therefore, it is not possible to establish a correlation with the orthodontic therapy^[@B18]^.

Usually, the use of basic pharmacotherapy, such as muscle relaxants ad non-steroidal anti-inflammatory (NSAID) medications, associated with counseling, physical therapy and behavioral modification would be sufficient to control these signs and symptoms. However, if there is an indication for the use of intraoral splints as part of the management strategy, the orthodontic therapy must be discontinued and restarted only after all symptoms were properly addressed.

A protocol on how to manage patients presenting signs and symptoms of TMD during orthodontic treatment is shown in [Figure 9](#f09){ref-type="fig"}.

Figure 9Protocol of management of patients presenting signs and symptoms of temporomandibular disorder during orthodontic treatment

CONCLUSIONS
===========

Based on the fact that there is an evident connection between TMJ, masticatory muscles, and the dental occlusion, occlusal changes may reflect the presence of TMD. Therefore, all plans for irreversible therapy, such as orthodontics or prosthetic rehabilitation, should be preceded by a meticulous analysis of TMD signs and symptoms. When present, TMD symptoms must always be controlled to reestablish a normal occlusion and allow proper treatment strategy.
